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Abstract
Large scientific organizations, laboratories, departments and scientific groups exercise need in 
information support due to issues related to the navigation among huge amount of information in the 
Internet that is growing every day. This paper describes agent-based approach that is used in Multi-agent 
information and analytical system (MIAS) developed at the National Research Nuclear University 
“MEPhI” and addressed challenges in the information support that was encountered by our partners: the 
"Plasma Physics" Department, Department of "Laser physics", laboratory "Photonics" and others. The 
MIAS support of object-oriented approach and international standards of linked data contributes to the 
development of future information systems that will enable forecasting on specific scientific field.
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1 Introduction
Nowadays scientific researches especially valuable not only for theoretical cases but also for 
practical ones. Various informational and analytical tasks, related to the control and management, 
require large amounts of information that why more and more industrial corporations support developing 
of experimental databases and it concerns not only experimental data, but also data associated with every 
activity of scientific organizations (Fedotov & Barahin, 2009). Also required information is scattered 
* The automation of agent-based search for information on thematic area in the Internet task statement
† Agents' functions classification within the system and development of agent search algorithms
‡ Scenarios of information and analytical service development
§ Automative retrieval of subordinate infromation from news messages algorithm development
** Development of operational maps for situational analysis in various scientific and technological areas
†† Development of scientific data visualization tools
‡‡ Development of the Russian and English thematic thesauruses for agent-based information retrieval
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over various networks. To solve problems related to gathering and filtering information on particular 
scientific scope the agent-based technologies are purposed (Berners-Lee, Hendler, & Lassila, 2001).
Multi-agent information analytical system (MIAS) on scientific and technological areas developed 
in National Research Nuclear University "MEPhI” in 2010. Some of the issues, that had to be solved 
during development of such system, are not fundamentally new, however, now they have to be solved 
for issues belonging to "Big Data" and “Data Mining” issues (Ananieva, Artamonov, Galin, Tretyakov, 
& Kshnyakov, 2015).
The work was carried out by the “Analysis of the competitive systems" department in cooperation 
with departments of Physics and laboratories that operate in developed and developing areas. These are 
such divisions of the National Research Nuclear University MEPhI as the "Plasma Physics" Department, 
Department of "Laser physics", lab "Photonics" and other partners.
The concept "agent" refers to a program that acts on behalf of the user in inner and outer networks 
in order to retrieve required information in compliance with assigned requirements.
2 Methodology
The Multi-agent information analytical system (MIAS) on scientific and technological areas is 
designed for three types of users; the first - organizations (universities, national research centers), large 
industrial companies that perform research and development on new technologies. These organizations 
require information support in many subject areas due to its multidisciplinary structure.
The second type of users are divisions of scientific and educational institutions, university 
departments, laboratories. This user type is characterized by narrow thematic focus on particular 
scientific scope. In this case, all other scientific and technical information coming into the organization 
is perceived as informational noise. So, this type of user has to define thematic orientation of all 
incoming information.
The third type of user – experts. In this case, the information system should serve the user in keeping 
with his individual interests, and this is one of the most challenging tasks in developing agent-based 
information analysis systems. The difficulty arose from the fact that the solution of a particular problem 
by an expert can be associated not only with the thematic direction of the unit in which he does job, but 
also be determined by other considerations. It is common knowledge, that good technological solutions 
are often found on the borders of several knowledge fields (Ananieva, Artamonov, Galin, Tretyakov, & 
Kshnyakov, 2015).
The basis of Multi-agent information analytical system on scientific and technological areas is 
‘Three-tier agent-based model of scientific and technical information search and structuring", which 
includes the following levels:
• collecting information from reliable online sources;
• filtering and categorization;
• secondary filtering by personal dictionaries.
In accordance with the levels listed above managerial databases are:
• thematic route database that includes addresses to the Internet sources that are relevant to 
specific thematic areas;
• thematic thesauri database;
• personal dictionaries database.
Figure 1 presents the control loop of MIAS.
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Classic characteristics of 
information retrieval systems -
the completeness and accuracy 
- are contradictory in dialog 
systems. In agent-based 
systems they can be improved 
simultaneously at different 
levels of processing. 
Completeness is provided at the 
first level via scanning all 
information sources by means 
of the route database 
completeness. Thematic 
accuracy is provided at the 
second level through the use of 
a thematic thesaurus. Personal 
accuracy (pertinence) is 
provided at the third level 
through the use of personal 
dictionaries, thematic area can 
be used only for optimization of 
retrieval process which
sometimes is not necessarily 
(Salton & McGill, 1986).
At each level there are 
agents that interact with the 
external environment and with 
appropriate databases within 
the system. Three types of agent are introduced in the system: 
1. Agent-postman – agent that interacts with Internet information resources on schedule and 
aggregate the information in a full-text database.
2. Agent-courier - agent that interacts with the agent-postman and a full-text database and 
organizes information under relevant thematic areas.
3. Agent-referent - agent that interacts with the user and the agent-courier in order to deliver 
pertinent information from the system databases to the user.
At the first level agent-postmen should be focused on interaction with a large number of independent 
Internet sources. Therefore, this type of agents should have "a setup mechanism" for various access 
systems to data resources.
At the second level agent-couriers are focused on providing thematic accuracy of the delivered 
information. The task of maximizing this characteristic causes the fact that the thematic field of the 
scientific organizations, universities, research departments of these organizations and specialist work 
has certain stability due to the specialization of scientific and scientific-pedagogical staff.
At the third level the agent-referent is focused on providing information to a particular specialist 
with personalized precision in accordance with personal dictionaries. These dictionaries are still valid 
for several years; however, it updates from time to time. So, the agent-referent, being created once, can 
serve several years. And the user interface can be built so that the user manages the dynamic changes of 
the dictionary himself.
The same reasoning can be attributed to scientific division, whose information service is driven by 
thematic thesaurus, so the agent-carrier can be even more conservative. However, on the second level 
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Figure 1: The MIAS control Loop in Three-tiered approach
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the formation and dynamic correction of the thesaurus must be managed by system analyst, because in 
fact thematic thesaurus is a subject area knowledgebase.
Thus a three-tiered model reflects the following basic principles of structuring scientific and 
technical information scattered on the Internet:
1. Integration of thematic information from selected network sources into a unified full-text database.
2. Categorization of information by processing a full-text database by using a thematic thesaurus.
3. The structuring (indexing) of user databases in accordance with personal dictionaries.
3 Results and Discussion
In this subsection we are presenting the experimental results obtained during the development of 
agent-based technologies for the digests production as part of informational-analytical support of the 
NRNU MEPhI "Laser industrial center”.
The MIAS system has more than 500 agent-postmen that daily retrieve text information in reliance 
with schedule. The thematic thesaurus of "industrial Laser technology" consists of 38 terms in Russian, 
English and Spanish (Artamonov, et al., 2014).
The second and the third level of the system were assessed in the experiment. The pertinence 
characteristics were evaluated by specialist from NRNU MEPhI "Laser industrial center”. The starting 
period for the information messages evaluation was a month-long period when the system received 2311 
messages that were processed at the second level.
Monthly digest include 53 messages on "industrial Laser technology" thematic area after processing 
at the second level. Assessment of the second level work completeness and accuracy are presented in 
table 1.
As can be seen from the table the second level reduces the original volume of messages in 2,29% 
(53 messages of 2311). Experts noted that all issued information, 53 posts respectively, is relevant to
the "industrial Laser technology" thematic area, however, the pertinence was assessed by a narrow focus 
specialist, in consequence of which the accuracy was quite low.
Such information delivery meets the needs of multidisciplinary organizations, but for individual 
experts or research groups that amount of data is large and inaccurate.
Assessment of the completeness and accuracy of the third level is also presented in Table 1. The 
input is results obtained at the second level.
Indicator name Second tier Third tier
1. All information stored in the system (N) 2311 53
2. Given out information pertinent to the UHTXHVWȺ 32 32
3. ,QIRUPDWLRQQRWJLYHQRXWDQGSHUWLQHQWWRWKHUHTXHVWȼ 0 0
4. *LYHQRXWLQIRUPDWLRQQRWSHUWLQHQWWRWKHUHTXHVWɋ 21 0
5.
Information not given out and not pertinent to the request 
(D)
2258 21
6. Completeness of information retrieval (R=A/(A+B)) 1 1
7. $FFXUDF\RILQIRUPDWLRQUHWULHYDOɊ $$& 0,6 1
8. 5DWLRRIGDWDQRLVHɄ &$& 0,4 0
Table 1: Results of experiments on the MIAS second and third tier completeness and accuracy assessment
By using of a personal dictionary it is possible to achieve maximum completeness and accuracy 
index for a specific employee from NRNU MEPhI "Laser industrial center”.
The time spent on creating one digest release using agent technology takes 15 minutes, or 0.25 hours. 
With the use of three-level model the production of digests in MIAS is limited not by the costs of their 
formation and release, but only by information updatability rate on a particular thematic area.
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Conclusion
Prolonged use of agent technologies allows you to create knowledge bases for certain thematic areas, 
to have almost a complete set of full-text documents for a particular thematic area and factual database.
In these circumstances, it is possible to perform tasks that now are called “Data mining”. These 
procedures cannot be immediately learned, and today it is difficult to determine the number of 
applications that must be developed to solve specific analytical tasks on large volumes of data.
However, today it is also important to use object-oriented approach to build semantic networks on 
retrieved data from the Internet with the help of agent-based systems in order to present text information 
in visual way and to store link data to enable developing future IT systems as artificial intelligence. 
Object-oriented approach helps as fully describe an object with its attributes and functions and with the 
help of agent-based technologies and stored link data do an investigation on the object evolution that 
also leads to developing of artificial intelligence, but in this case, with forecasting functions.
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